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ABSTRACT
Transient global amnesia is a

clinical syndrome characterized by
the sudden onset of anterograde
amnesia, accompanied by repetitive
questioning, sometimes with a
retrograde component, lasting up to
24 hours, without compromise of
other neurologic function.
Neuroimaging after an acute
transient global amnesia event often
shows transient perturbation of
specific hippocampal circuits that are
involved in memory processing.
Critical clinical distinctions, such as
between transient global amnesia
and other forms of transient amnesic
episodes, as well as important clues
to the underlying pathophysiologies
are herein reviewed. Finally, we
discuss the role of hippocampal
insufficiency in the neurobiology of
delusions.

INTRODUCTION
Transient amnesic syndromes are

clinical phenomena that occur
commonly in acute medical settings.
Results from imaging and
epidemiological studies have recently
revealed distinctions that enable

differentiation between various
transient amnesic syndromes as well
as important clues to their
underlying pathophysiologies. 
Transient global amnesia (TGA) is

a clinical syndrome that was
established by Hodges and Warlow in
1990.1 Criteria are listed in Table 1.
Neuroimaging studies performed
after an episode of TGA display
transient alteration of the specific
hippocampal circuits that contribute
to the creation and storage of
memories.2 Episodes last for a mean
duration of approximately six hours.
The incidence of TGA is
approximately 2.9 to 10 people per
100,000 worldwide.3 It typically
affects patients between 50 and 80
years of age, at an average age of 61.
Anterograde amnesia gradually
diminishes within the course of a few
hours and patients return to their
baseline status, though they may
retain a dense amnesic gap for the
duration of the episode. 
Proposed causes for TGA include

ischemia,4,5 migraine,3,6–8 epileptic
seizure,8 venous congestion,9 and
emotional arousal or psychological
disturbances.10 The most widely
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accepted mechanism of TGA involves
cerebrovascular disease of the
thromboembolic type.3

This article presents the
differential diagnosis in a patient
with transient amnesia and a history
of vascular disease treated with
multiple surgical interventions as
well as a history of anxiety.
Discussion of an ischemia-mediated
hypothesis for the pathogenesis of
TGA and insight into the
neurobiology of delusion follows.

CASE REPORT
Our patient was a 75-year-old

woman with a past medical history
significant for peripheral
arterial/vascular disease with
atherosclerosis and ischemia for
which she took aspirin, clopidogrel,
and simvastatin; atrial fibrillation
managed with sotalol; stage two
chronic kidney disease for which she
took furosemide; hypertension
managed with lisinopril; and anxiety
managed with citalopram 20mg/day.
She presented with symptoms of
very short distance claudication in
the left lower extremity and pain at
rest in the left foot. 
She had undergone multiple

endovascular interventions in the
past. And about six weeks prior to
this hospitalization, she underwent
repeat percutaneous transluminal
balloon angioplasty of the left
superficial femoral artery and
popliteal artery. She also is
status/post left femoral-popliteal
artery bypass and femoral-tibial
artery bypass surgery and
percutaneous transluminal
angioplasties. 
During this hospitalization,

diagnostic aortography revealed left
external iliac artery stenosis and left
superficial femoral artery stent
occlusion with reconstitution of the
popliteal artery below the knee. Our
patient was admitted for a repeat
iliofemoral endarterectomy and
femoral to below-knee popliteal
bypass. 
On the day of planned surgery,

the third day of her hospital
admission, nurses noticed that the

patient had developed an “altered
mental status (AMS).” The patient
became paranoid, stating to a nurse,
“You guys are trying to pull
something over me.” Nursing notified
the vascular surgeon, who decided to
put the surgery on hold. Prior to this
point, the patient’s sleep-wake cycle
had been normal. The patient
refused to allow assessment of vital
signs or completion of physical
examination, blood draw, radiologic
studies, and treatments including
heparin and oxygen administration.
When the vascular surgeon
reiterated that the consequences of
not receiving treatment could
include loss of a limb, the patient
responded, “Then I’ll lose it and
you’ll have your consequences.” The
patient voiced paranoid thoughts
“that everyone was trying to
convince her that she was crazy and
take her blood.”
At that point, we were consulted

to evaluate the patient’s AMS and
her decision-making capacity. On
initial evaluation, she exhibited
inappropriate laughter and cursing.
She refused the Vigilant A section of
the Confusion Assessment Method-
Intensive Care Unit11 and received a
zero on the Richmond Agitation
Sedation Scale score. Cognitively,
she was oriented times 2, and gave
an unusual answer regarding year,
i.e., “the year of ammeninity.” Her
attention span remained intact, and
she was otherwise alert. The patient
refused to undergo further cognitive
evaluation. She could not describe
what was medically wrong with her,
other than stating, “People think I
am crazy.” Her thought process was

goal directed and thought content
significant for paranoid delusions, as
she refused surgery on the grounds
that she did not trust the surgeons
and therefore wanted to leave. Since
her decision-making was based on
delusional ideation, she was
determined to lack decision-making
capacity to refuse surgery. We
recommended intramuscular
aripiprazole, which our patient also
refused.
Approximately 5.5 hours after the

onset of the patient’s change in
behavior, she suddenly became
cooperative and allowed hospital
staff to proceed with her evaluation
and treatment. On review of
laboratory results, the patient’s
hepatic function panel returned
within normal limits with the
exception of a slightly low total
protein and slightly elevated
aspartate aminotransferase.
Urinalysis tests were negative for
infection, demonstrating only trace
leukocyte esterase. Gamma-glutamyl
transpeptidase, vitamin B12, folic
acid, and thiamine levels were within
normal ranges. Troponin level did
not suggest an acute myocardial
infarction.
Chest x-ray was negative for

infection. Cardiac nonstress testing
revealed normal left ventricular
systolic function with an ejection
fraction over 75 percent.
Electrocardiogram (EKG) revealed
sinus rhythm. 
Electroencephalography (EEG)

found no seizure activity, although it
did reveal diffuse background
slowing. Computed tomography (CT)
scan of the head revealed only mild

TABLE 1. Diagnostic criteria for transient global amnesia

• Attack must be witnessed.
• Acute onset of anterograde amnesia must be present.
• No alteration in consciousness must be present.
• No cognitive impairment other than amnesia must be present.
• No loss of personal identity must be present.
• No focal neurological or epileptic features must be present.
• No recent history of head trauma or seizures must be present.
• Attack must resolve within 24 hours.
• Other causes of amnesia must be excluded.3
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cortical atrophy, with neither
hippocampal atrophy nor
enlargement of the lateral or third
ventricles identified. Carotid
peripheral vascular laboratory (PVL)
identified moderate stenosis of 50 to
69 percent in the bilateral internal
carotid arteries associated with
atherosclerotic plaque. Transcranial
PVL showed evidence of
hemodynamically significant stenosis
in the basilar artery. 
The day after this episode, the

patient was more cooperative, or
viewed alternatively, no longer had
paranoid delusions. In fact, our
patient had no memory of either her
paranoid delusions or its impact on
her behavior. The Vigilant A section
of the Confusion Assessment Method-
Intensive Care Unit11 was intact, and
the Richmond Agitation Sedation
Scale score was zero. Cognitively, she
was oriented times 3, without

fluctuation of mentation, and without
auditory or visual hallucinations.
On the second day after the

episode, the Vigilant A section of the
Confusion Assessment Method-
Intensive Care Unit11 was again intact,
and she again received a zero on the
Richmond Agitation Sedation Scale
score. The patient was alert, aware,
and attentive, without auditory or
visual hallucinations or delusions. She
scored a 30/30 on the Mini-Mental
Status Examination (MMSE), and
seemed to have returned to her
baseline.

DISCUSSION
Differential diagnoses. TGA is a

benign, self-limited selective
disturbance in anterograde memory
that occurs in middle-aged and
elderly individuals, consistent with
our patient’s demographic. The
differential diagnosis for TGA

includes several other transient
amnesic disorders with varying
epidemiology, course of illness,
associated neuropsychiatric aspects,
and work-up (Tables 2 and
3).1,3–10,13–15,21,59–66 These include
transient epileptic amnesia, transient
ischemic attack, and partial complex
seizures. 

Transient epileptic amnesia
(TEA). TEA is a rare form of
temporal lobe epilepsy characterized
by focal seizures manifesting as
recurrent transient episodes of
isolated memory loss. TEA differs
from partial complex seizures,
inasmuch as the latter typically
presents with more neurological
symptoms, including  aura, decreased
awareness of the event, automatisms,
and postictal state. The postictal
state is usually responsible for the
amnestic episode of partial complex
seizures, whereas the primary feature

TABLE 2. Differential diagnosis of transient amnesia: epidemiology1,3–10,13–15,21,59–66

CONDITION RISK FACTORS AGE PRECIPITATING FACTORS DURATION

Transient global amnesia

Ischemia, migraine, epilep-
tic seizure, venous con-
gestion, and emotional
arousal or psychological
disturbances

Typically between 50 and
80 years of age, at an aver-
age age of 61

Emotional stress, pain,
valsalva maneuver-like
activities

4–6 hours

Transient epileptic amnesia None

Over 80 percent of cases of
transient epileptic amnesia
associated with hippo-
campal sclerosis manifest
before age 16 years

Awakening from sleep

<60 min, usually only a
few to several minute,
often multiple attacks at
the time of presentation.

Transient ischemic attack

Prominent risk factors for
vascular disease (e.g.,
hypertension, diabetes,
smoking, cardiac disease,
sickle cell disease)

Age ≥55 years or older None <24 hours, most TIAs last
less than 1 hour

Substance intoxication Co-occuring psychiatric
condition Age 22–45 years (cocaine) None Substance dependence

Concussion

Main causes are falls
(35.2%), motor vehicle
crashes (17.3%), blunt im-
pact (16.5%), and assault
(10%)

Falls most common below
age 5 and above age 74
years.

Nearly half caused either
by motor vehicle accidents
(28%) or by sports and
physical activity injuries
(20%). Of those
presenting for medical
attention, most commonly
are fall-related.

For most patients, symp-
toms resolve within weeks
or a few months.
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of TEA is isolated memory loss.12 In
contrast to features that favor a
diagnosis of epilepsy including a brief
duration,3,13 occurrence on
awakening,13 and multiple attacks,14

our patient’s episode persisted for
approximately 5.5 hours, began in
the middle of the day, and presented
as a single event. She did not
demonstrate motor automatisms
often present in TEA.14 Her episode
included the anxiety and repetitive
questioning more likely featured in
TGA than in amnesic seizures,16 with
agitation, apprehension, and
paranoia. Her episode involved
anterograde amnesia as opposed to
the more prominent retrograde
amnesia found in TEA.17

Furthermore, EEG did not

demonstrate ictal activity, which
reduced our suspicion for TEA,
though a normal EEG or nonspecific
EEG abnormalities do not necessarily
exclude the diagnosis.18

Transient ischemic attack (TIA).
Isolated amnesia without other focal
neurologic deficits, though rare, can
manifest during a TIA or stroke. And
the presence of vascular risk factors
increases concern for this diagnosis.
Transient amnesia may be the sole or
primary manifestation of unilateral
hemispheric stroke limited to the
hippocampus or thalamus; in these
cases, however, brain CT or magnetic
resonance imaging (MRI) would
reveal lesions in limbic structures
that account for the memory deficit.4

In contrast, in patients with TGA, CT

scans of the brain are usually normal
or may show incidental findings, and
additional focal neurological deficits
are likely to be present during the
attack.3 Our patient lacked CT scan
findings indicative of stroke, TIA, or
any focal neurological deficits, and
her amnestic episode lasted over five
hours, exceeding the typical
timeframe of TIA of less than one
hour.19

Brain MRI with diffusion-weighted
imaging (DWI) is performed in most
cases to exclude TIA. All pathologies
affecting the hippocampus are
associated with distinct lesion
patterns on MRI, and especially DWI
has the ability to demonstrate even
minute and transient hippocampal
lesions.20 Most patients with TGA

TABLE 3. Differential diagnosis of transient amnesia: neuropsychiatric aspects1,3–10,13–15,21,59–66

CONDITION ASSOCIATED NEUROLOGIC
SYMPTOMS

MAGNETIC RESONANCE
IMAGING ELECTROENCEPHALOGRAPHY SENSORIUM

Transient global
amnesia None

Small punctate diffusion-
weighted imaging lesions
in the lateral
hippocampal formation

Normal
Disoriented to place only,
intact cognitive and executive
functions

Transient
epileptic amnesia

Olfactory hallucinations and
motor automatisms, inter-
ictal memory deficits

Normal/hippocampal
sclerosis or atrophy

Abnormal findings (temporal or
frontotemporal regions)

Altered mental status may
accompany seizures or simply
be the manifestation of a
postictal state

Transient
ischemic attack

Negative symptoms:
numbness, visual loss,
paralysis, ataxia, multiple
deficits (e.g., language and
sensation) occur
simultaneously

Diffusion-weighted
imaging with T2-FLAIR
permanent lesion

Normal Variable, depending on
underlying vascular cause

Substance
Intoxication Substance dependent

Focal ischemia from
vasoconstriction from
cocaine

Increased activity with cocaine,
changes found with cannabis Substance dependence

Concussion

The most well- known
immediate symptom is a
brief loss of consciousness
lasting seconds to minutes. 

Diffuse axonal injury of
white matter and
simplification of
dendritic architecture in
cortical gray matter, with
subtle cortical atrophy.
Diffusion tensor imaging
can show white matter
damage not visible with
conventional magnetic
imaging techniques.

Immediate:
electroencephalography evolution
from epileptiform, to suppressed,
to diffusely slow, and then to
normal. 

Hours-days after injury: subtle to
mild slowing in a majority of
patients. Changes include
decreased alpha frequency as well
as generalized and focal slowing.

Some patients experience just
a brief period of feeling and
appearing dazed. Some
patients complain of
persistent cognitive
difficulties after such an
injury. 
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have small punctate DWI lesions in
the lateral hippocampal formation.21

Stroke affecting the hippocampus
generates patterns according to
vascular pathology. These lesions
may be complete, dorsal, lateral, or
small and circumscribed, and
additional lesions may be present
elsewhere in the territory of the
PCA. DWI demonstrates ischemic
abnormalities in about half of
clinically defined TIA patients that
may vanish or persist despite
transient clinical symptoms.22 One
limitation of our patient’s evaluation
was that it did not include an MRI
with DWI, which can provide a
means to further confirm the etiology
of amnesia. 

Delirium. While common in a
hospital setting in older patients,
individuals with delirium classically
demonstrate a more global confusion
and inattention. On gross evaluation,
our patient did not demonstrate the
decreased attention span and waxing
and waning type of mentation
characteristic of delirium.
Unfortunately, at that time, we were
unable to perform a full CAM-ICU or
MMSE, thus it is not definitive that
no other cognitive impairment was
present. This is a limitation in the
patient’s assessment, especially when
discussing the differential diagnosis
of TGA and delirium. However, she
did exhibit paranoid delusions, (e.g.,
she believed her care team was
attempting to cause her harm). 

Psychogenic amnesia.
Psychogenic amnesia may also be
confused with TGA. These patients
differ from those with TGA in that
memory for their personal life
histories is much more severely
affected than is their ability to learn
and retain new information; that is,
they have isolated retrograde
amnesia.36 Our patient retained
knowledge of autobiographical data
and demonstrated anterograde
amnesia, making psychogenic
amnesia unlikely.

Arterial or venous ischemia.
Though TGA patients have fewer
vascular risk factors than TIA
patients, the prevalence of vascular

risk factors in TGA patients exceeds
that found in healthy controls.37 The
etiology of TGA could be explained
by an ischemic event due to either
arterial ischemia (atherosclerotic or
thromboembolic) or venous
ischemia.37,38 Anxiety causes
hyperventilation, which results in
vasoconstriction, and may potentially
exacerbate these ischemic
processes.39 This may explain the
high prevalence of comorbid
emotional distress3,8 and anxious
personality traits in TGA patients,
including our patient. Valsalva-like
activities (which block venous return
through the superior vena cava,
blocking well-oxygenated blood from
entering the sensitive hippocampus)
are common triggers of TGA onset.
Insufficient jugular-vein valves
(which cause brief retrograde
transmission of high venous pressure
to cerebral veins, also blocking well-
oxygenated blood from entering the
sensitive hippocampus) are also
common in TGA patients.40,41 The
CA1 neurons present in the
hippocampus, which are thought to
be the structural and functional
correlate of TGA, exhibit selective
vulnerability to metabolic stress.42

Stress may be one trigger involved in
the emergence of transient lesions in
the hippocampal CA1 region.43

Therefore, temporary hypoperfusion
per the aforementioned ischemia
could explain why memory
structures are affected first.

Other possible organic
diagnoses. Other possibilities
included in the differential diagnosis
for TGA include head injury,8 anoxic
event,23 hypoglycemia,24 drug or
alcohol intoxication,25–27 drug or
alcohol withdrawal, herpes simplex
encephalitis,28 and other causes of
toxic-metabolic encephalopathy and
delirium.29 Our patient reported no
history of trauma, and CT failed to
demonstrate evidence of head injury
or temporal lobe changes indicative
of herpes simplex encephalitis. She
had not experienced an anoxic event
such as respiratory failure, and her
lab studies, including serum glucose
testing, were unremarkable. She

denied use of drugs or alcohol, and
demonstrated no signs or symptoms
of intoxication or withdrawal. Her
lack of alcohol use is also relevant
since it makes a diagnosis of
Wernicke’s encephalopathy less
likely. Though Wernicke’s
encephalopathy may present
primarily with amnesia,30 our patient’s
normal thiamine levels make
Wernicke’s encephalopathy an
unlikely cause for her episode.
Discontinuation of her opiates was
also unlikely the cause of resolution
of the patient’s abnormal behavior on
the planned day of surgery, as opiates
typically do not result in psychoses. 

Drug-drug interaction. Our
patient was taking aspirin,
clopidogrel, simvastatin, sotalol,
furosemide, linsinopril, and
citalopram at the time of her
amnestic episode. While there are no
drug-drug interactions among these
medications known to result in
memory loss, the possibility of a
drug-drug interaction cannot be ruled
out. It has been reported that
polypharmacy can result in
substantial drug-drug interactions.31

Polypharmacy and a lack of
knowledge about complex drug
interactions can result in unexpected
side effects, as the literature
regarding drug-drug interactions
focuses almost exclusively on paired
combinations.31 On a more general
level, benzodiazepines and non-
benzodiazepine hypnotics have been
associated with transient memory
loss. Although our patient was not
taking any of these medications
before her amnestic event, the use of
these medications needs to be
considered in the evaluation of
transient global amnesia.32

Additionally, statins as a class have
been reported to cause memory loss;
our patient was taking simvastatin
and we cannot rule this out as a
possible contributor to her memory
loss.33 Furthermore, while serotonin-
norepinephrine reuptake inhibitors
have been associated with decreased
long-term potentiation in the
hippocampus, selective serotonin
reuptake inhibitors, including
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citalopram, have not demonstrated
this effect.34 Lastly, none of the
medications that our patient was
taking are potent inhibitors of any of
the cytochrome P450 enzymes.35

Summary. Although the etiology
of TGA is not fully understood, we
have indicated that TGA and TIA are
separate entities. Nonetheless, a
review of the literature has
demonstrated cases where
individuals experience amnesia
without any neurological deficits—
neither focal nor diffuse.44–48 These
examples exemplify the theory of the
vertebrobasilar system’s role in TGA.
They also show that TGA can, in fact,
occur without any neurological
deficits, let alone deficits specific to
areas of the brain supplied by the
vertebrobasilar system. 
Thus, we posit that our patient’s

symptoms were likely due to TGA
(from basilar artery stenosis), which
by definition, resolved within one
day. Her treatment plan involved
monitoring the resolution of her
memory loss/psychoses. Though the
likelihood of future recurrence is
about five percent, no further
treatment was warranted.3

Transient global amnesia and
the neurobiology of delusions.
Our patient’s emotional response
during her TGA episode was
consistent not only with “fear” of
being in an “unfamiliar” situation, but
inappropriate inferences about the
“intent” of the medical staff (i.e.,
paranoid delusion). The latter
subsequently abated upon
dissolution of her retrograde and
anterograde amnesia (i.e., the
secession of her TGA). Thus, we use
this case to review and supplement
the literature about the cognitive and
neurobiological aspects of (paranoid)
delusion formation.
While a complete review of fear

learning is beyond the scope of this
article, a basic understanding of this
topic is necessary in navigating the
bridge from TGA to delusion
formation. 

Neural circuitry in anxiety and
paranoia. Affective learning involves
a circuit incorporating amygdala,

hippocampus, striatum, and
prefrontal cortex (Figure 1).
Dysfunctions within these nodes
could engender fear in the wrong
context, leading to maladaptive
learning about the danger of adverse
consequences. More particularly, the
hippocampus is theorized to be
essential for declarative memory
(i.e., the conscious recall of specific
experiences from one’s past [episodic
memory]49 and context-dependent
learning). Here, learned information
becomes associated with context
such that context can cue the
relevant memories and behaviors.50

The amygdala is crucial for fear
learning. Toward that end, amygdala
lesions in humans result in emotional
blunting and reduced fear
conditioning and abnormal activation
of the amygdala in patients with
temporal lobe epilepsy leads to a
behavioral pattern reminiscent of
fear.51

On a cognitive level, both anxiety
and psychosis could arise from an
aberrant assignment of novelty and

salience to objects and associations.
In anxiety states, the amygdala
seems to have a specific role in the
modulation of vigilance and attention
to emotionally salient information,51

and its hyperactivity has been
proposed as a marker of negative
affective bias in anxiety.52

Neuroimaging studies using tasks
that involve salience processing
indicate that the salience network
involves midbrain dopamine neurons,
their projections to the striatum, and
the frontotemporal and
frontoparietal cortical regions. There
is converging evidence indicating
that dopaminergic neurotransmission
is essential for signaling reward and
salience.53 It has been proposed that
during delusion formation, the
normal process of context-driven
novelty and salience attribution is
usurped by an endogenously driven
assignment of novelty and salience to
stimuli.54

Thus, it has been proposed that
paranoid thoughts may be arranged
according to a “hierarchy” in which

FIGURE 1. Neural circuitry and signaling in non-paranoid state56,67,68
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mild paranoia (e.g., fear of being
talked about) is prevalent in the
general population, whereas more
severe paranoid thoughts (e.g.,
conspiracies) are most prevalent in
clinical samples. The phenotypic
expression on the fear-
psychoses/paranoia continuum may
be determined by the relative
increase in mesolimbic dopaminergic
neurotransmission. Anxiety/fear may
be expressed due to mild-moderate
increases in dopamine signaling,
while in vulnerable individuals,
moderate-severe accentuation in the
same signaling pathway may
culminate in psychoses/paranoid
delusions.55

Neural signaling in anxiety and
paranoia. The hippocampus contains
local glutamatergic and gamma
aminobutryic acid (GABA) (i.e., is
activated by or secreting GABA)
circuits. In the presence of negligible
threat, hippocampus inhibits
amygdala overactivity through

inhibitory GABAergic (or anti-
glutamatergic) neurotransmission.56

Thus, diminution in hippocampal
function can result in amygdalar
disinhibition, precipitating “fear.”

TGA-induction of the
anxiety/paranoia continuum:
synthesizing cognitive
descriptors, neural circuitry and
signaling. TGA can be viewed as an
illness of transient hippocampal
insufficiency. Our patient’s
transcranial PVL, consistent with
basilar artery stenosis, may be
pathogenically related to the
development of her transient memory
loss, or TGA. The hippocampus
receives its vascular supply primarily
from the posterior cerebral artery
(PCA), which originates from the
basilar artery (found to be stenotic in
this patient), and to a lesser degree
from the anterior choroidal artery
(AChA), which originates from the
internal carotid artery (also found to
be stenotic in this patient). The PCA

directly and by its branches
contributes much more to the blood
supply of the hippocampal formation
than the AchA.57 Subsequently,
stenosis in the basilar artery and to a
lesser degree the internal carotid
artery may impact blood flow to the
hippocampus.
In the case of our patient, during

her TGA episode, she had no memory
of events that both resulted in
hospitalization or why she continued
to require hospitalization, despite
being informed on multiple occasions
(i.e., retrograde amnesia, context-
dependent-learning, and anterograde
amnesia, respectively). This seemed
to result in overgeneralization of fear/
“mistrust” of all hospital staff and the
feeling of imminent “danger.” It seems
clear that our patient’s “paranoia”
could be accounted for
parsimoniously, by appealing to an
inappropriate engagement of the
brain’s fear system.54

Please see Figure 2 for the
pathobiology of how TGA could lead
to the genesis of paranoid delusions.

CONCLUSION
In closing, our patient’s episode of

TGA combined with her emotional
and perceptual response lends
credence to the proposal of a
“fear/paranoia” circuit in the genesis
of paranoid delusions—a circuit
incorporating amygdala, frontal, and
parietal cortices. Here, neutral or
irrelevant stimuli, thoughts, and
percepts come to engender fear and
anxiety, while dysfunction in
frontoparietal circuitry engenders
inappropriate social predictions and
maladaptive inferences about the
intentions of others.54

Hippocampus relays information
about contextual information based
on past experiences and the current
situation to amygdala, which the
latter requires for threat assessment.
Simply stated, in the absence of true
threat, hippocampus, as well as
ventromedial prefrontal (vMPFC)
and anterior cingulate cortex (ACC),
“inhibits” potential hyper-
responsivity of amygdala.The
hippocampus contains local

FIGURE 2. Proposed neural circuitry and signaling in paranoid delusions54,69–72
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glutamatergic and gamma
aminobutryic acid (GABA). In the
presence of negligible threat,
hippocampus inhibits amygdala
overactivity through inhibitory
GABAergic (or anti-glutamatergic)
neurotransmission.56 Thus,
diminutions in hippocampal function
can result in amygdalar disinhibition,
precipitating “fear.” 
Additionally, there are extensive

reciprocal connections between
amygdala and the vMPFC and ACC.
Glutamatergic efferents from both
vMPFC and ACC likely synapse on γ-
aminobutyric acid neurons and thus
provide an important inhibitory input
to the amygdala.67

Social cognition, which in part is
responsible for the ability to
represent and attribute affective and
cognitive mental states to self and
others, is localized to multiple
structures within the brain. These
regions include, but are not limited
to, vMPFC/ACC, orbitofrontal cortex,
temporo-parietal junction, superior
temporal sulcus, amygdala, and
striatum.68

Paranoid delusions/ideations are
associated with excessive fear or
anxiety. In regard to our patient’s
phenomenology, paranoia may occur
when uncertainty results from lack of
contextual information (patient
being unaware of why she was
admitted to or required continued
hospitalization) secondary to
hypofunctioning of hippocampus
during TGA. Decreased efferent
GABAergic transmission disinhibits
amygdala (development of fear,
hypervigilance, or “paranoia.”) with
downstream increase in midbrain
dopaminergic transmission.
As paranoid thoughts are

commonly about others,54,69 inferring
what people are thinking and feeling
(theory of mind [TOM]) is an
important aspect of human social
cognition,69 requiring access of
episodic memories of past emotional
experiences through intact
hippocampal function. An
inefficiency in the latter, such as
during TGA, could explain the role of
TOM impairment in paranoid

delusions.70 Our patient was
extremely suspicious of the
nursing/hospital staff and essentially
was not able to infer the
intentions/emotions of the staff, thus
refusing laboratory/nursing care. 
Dopamine has been intimated as

the most popular candidate
neurotransmitter associated with
TOM.71 It has been proposed that a
disruption to the dopamine system
itself could lead to the generation of
erroneous predictions about the
content of the mind of others, as is
the case for patients with
schizophrenia.72
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